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ABSTRACT 



As a part of the environmental assessment of an oil 
refinery expansion, a limited field study was conducted to 
evaluate meteorological effects on propagation of refinery 
noise into a residential community. Results of long-term 
noise measurements conducted at the Gulf Oil refinery in 
Clarkson, Ontario, served as a basis for a statistical analysis 
of the relationship of noise levels with weather parameters 
such as wind velocity direction and temperature gradient. 
Reports of audible refinery noise by refinery staff and residents 
were also collected to verify noise intrusions from the refinery. 
Results of the study should assist future efforts to interpret 
and control meteorological effects on noise data samples obtained 
by the use of automatic sound level monitoring equipment. 



1» INTRODUCTION 



As a part of the environmental assessment of an oil refinery 
expansion, a limited field study was conducted to evaluate the 
meteorological effects on propagation of refinery noise into a 
residential community. 

The generation of noise in a refinery, or for that matter 
by any major petrochemical or process plant is complex because 
of the great number of noise sources spread out over a large area. 
Further, the radiation of the noise over long distances to nearby 
communities is affected by reflections, scattering and shielding by 
plant equipment, ground conditions and weather. All these factors 
can result in a considerable variation of the sound levels at a 
point of reception for what are nominally the same plant operating 
conditions. 

Refinery noise audible within the adjacent community is rather 
broadband in nature and contains considerable low frequency sound. 
While this noise cannot be easily assigned to specific noise sources; 
flares, furnaces, motors and fans appear to be major contributors to 
the overall noise level measured at the refinery boundary. 

A primary objective of the study was to establish, statistically, 
if a major expansion of the refinery has resulted in a significant 
increase of noise level in the nearby community. The evaluation of the 
noise environment existing in the adjacent residential area before 
and after expansion was combined with an analysis of weather parameters 
which could affect the propagation of refinery noise, i.e., wind velocity, 
wind vector and temperature gradient. A statistical analysis of the 
relationship of these weather parameters with the measured noise levels 
(obtained as a result of long term monitoring) was considered a 
secondary objective of the study. 
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Furthermore, a basic analysis of the frequency and severity of complaints 
due to noise from the refinery was considered useful as an indication 
of the community response to an existing and an expanded operation of 
the refinery. Reports of audible refinery noise by local residents were 
collected and served as an unattended noise monitoring data source used 
for a correlation analysis with weather parameters. 

% NOISE SOURCES, REFINERY AND SURROUNDING COHMUNITIES 

The Clarkson refinery of Gulf Oil is located west of Toronto 
in the City of Mississauga along the northern shore of Lake Ontario. 
A general lay-out of the processing units; both existing and proposed 
for the expansion, along with location of the adjacent residential 
communities is shown in Figure 1* 

Complaints regarding the noise of the refinery and other pollutants 
are received regularly from the residents of the community to the east. 
Few complaints are received from residents of the community to the north, 
probably because they are further away from the processing units which 
are the major source of noise. In addition to the refinery , other 
mechanical sources of noise radiated into the community include aircraft 
noise and traffic noise from the Queen Elizabeth Way, a major limited 
access highway to the north of the refinery. On those occassions when 
the wind is from the north-east, the refinery noise is attenuated by 
ground and wind gradient shadow effects and noise from the highway can 
be heard in the community. 

However, because the prevailing wind is from the west, the noise in 
the community to the east of the refinery is generally controlled 
by the refinery. Within the community, local traffic and children, at 
times, can cause a considerable increase in sound level. Occasionally, 
the natural sounds of surf noise from Lake Ontario and wind in the 
trees can generate sound levels at a point of reception that are 
higher than those from the refinery. Although these noises (of surf 
and trees) are reportedly the loudest, they cause no annoyance, since 
these higher levels are restricted to a small area and are expected. They 
are considered one of the advantages of a pleasant location on the lakeshore. 
On the other hand, refinery and road noise are spread over a wide area 
and are a continuous reminder of nearby industry. Of these two sources. 
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the noise of the refinery is loudest. It occurs more often and leads 
to more complaints. 

The noise of the refinery varies considerably through the year as 
weather affects the process of sound propagation. Indeed, the effect 
of atmospheric conditions is considered by the engineering staff of the 
refinery to be a main factor affecting noise propagation and which largely 
Influences complaints voiced by the local residents. 

3. NOISE MONITORING 

An extensive long-term noise monitoring program was used to 
validate the theoretical prediction of the noise impact due to the 
expansion. The monitoring program commenced in January 1978, six 
months before the proposed expansion, and continued (with some breaks 
due to equipment failure) through to August 1979. Details of the 
monitoring system are given in Appendix B. 

The system calculated and stored the hourly L levels and percentile 
levels L,^, Lrg, Lg^ and then printed the results on the digital printer 
on a continuous basis. The monitoring system was also equipped with a 
wind sensor unit, consisting of a rotating cup anemometer and a special 
detector control circuit which allowed inhibition of noise data from 
entering the memory when wind velocity in excess of a pre-set threshold 
value. The location of the monitor is shown in Figure 1. Also, an 
automatic noise monitor was deployed by the Ministry of the Environment 
in the residential community close to the Gulf monitor location for a 
limited period of time, to verify results of noise sampling. 

The results of noise monitoring, conducted during the time period 
selected for statistical analysis are given in Appendix C. 

4. ANALYSIS OF THE EFFECT OF REFINERY EXPANSION ON THE BOUNDARY 
NOISE LEVELS 

A primary objective of the analysis (for the purpose of issuing a 
Certificate of Approval) was to establish the excess of noise level, if 
any, resulting from the refinery expansion, assuming that the effect of 
weather conditions on noise propagation was eliminated. 
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A. METHODOLOGY 

A statistical distribution analysis of noise samples was 
conducted for a restricted period of 1978 and 1979, representing 
conditions before and after the plant expansion respectively. 
Noise data was selected to extract only "legitimate" samples 
from the total volume of noise data. Samples were considered 
legitimate when thought not to be significantly affected by 
meteorological changes. 

B. CONDITIONS APPLIED TO THE DATA SELECTION 

The following conditions were applied to the data selection: 

(i) S.P.L.> W.I.L. + 5 dB 
where: 

S.P.L. denotes hourly noise level sampled by the monitor 
and W.I.L. denotes wind induced noise level calculated 
from wind velocity information for the corresponding hour 
of noise sampling, 

(ii) W.V. < 6 km/h 

Where: W.V. denotes wind velocity in the direction of the 
residential community to the east of refinery. 

(iii) T.G. < 0.5°C 

Where: T.G. denotes temperature gradient at levels 90m and 10m, 
for the corresponding hour of noise sampling. 

Details related to weather data aquisition are given in Appendix D. 

C. RESULTS 

A set of cumulative distribution graphs of equivalent A-weighted 
sound levels (L ) values were plotted based on the design conditions 
for noise sample selection. The night-time cumulative distribution 
curves for the same restricted period of years 1978 and 1979 are shown 
in Figure 2. It can be seen from this graph that the median value of 
Leq, monitored in 1979 after the refinery expansion, increased about 3 dB 
above the corresponding 1978 value. A difference of almost 6 dB is notable 
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in the region of high intensity and short duration noise events. 
Day-time cumulative distribution curves shwon in Figure 3 indicate that 
noise levels recorded after expansion at the refinery in 1979 were actually 
lower in almost the entire range of noise levels. This is thought to be 
mainly due to the presence of extraneous sources, other than the refinery, 
which have contributed to the overall noise level recorded by the noise 
monitor. Possibly, highway traffic, aircraft flyovers and train pass-bys 
on the main line and the local spur-line are influencing factors. 

For comparison, similar cumulative distribution graphs were plotted 
for the total number of noise samples, recorded for the restricted period 
of time and representing pre- and after - expansion conditions. These 
graphs shown in Figures 4 and 5 ignore significance of meteorological effects 
on the refinery noise propagation. The difference between median values, 
for the restricted period of 1979 and 1978, of the night-time cumulative 
distribution curves, increased to almost 5 dB as shown In Figure 4. However, 
the distribution of levels, represented by the shape of curves, is fairly 
similar to that shown on the graph in Figure 2, where only "legitimate" 
noise samples were included. It appears from a comparison of these two 
graphs that the overall effect of weather was not very significant for the 
restricted period of analysis. 

An analysis of day-time cumulative distribution curves, plotted 
using all the data samples does not seem to be very conclusive. This 
is, again, thought to be mainly due to the presence of extraneous sources. 



- 5 - 



5. RELATIONSHIP OF NOISE LEVEL AND RATED LOUDNESS WITH METEOROLOGICAL 
FACTORS 



This Chapter and Figures 10-26 inclusive summarize the results 
of analysis of the relationships between noise and weather in the 
refinery area. The results of this meteorological study has not been 
applied to the evaluation of the application for a Certificate of Approval. 
While the results obtained were relatively consistent with each other 
they are not necessarily consistent with the relationship expected from 
theory. In other words, the results can only be regarded as observed facts 

A. MEASUREMENT 

The analysis of relationships between noise level and rated 
loudness against simultaneously present meteorological conditions 
was based on measurements from several available nearby sources. 
Noise levels were measured by a noise monitor located at the north-east 
fenceline (see Fiq.lC) ^^^ maintained by the refinery. Loudness ratings 
were obtained by means of a survey circulated to volunteers in the 
community. Refinery noise was rated on a ten-point scale from 
zero to 4.5. Requested scale points were: 



- not heard, 

1 - barely audible 

2 - clearly audible 

3 - loud, and 

4 ~ \/ery loud. 



Half scale-points were volunteered by respondents. Listening 
locations were both indoors and outdoors at residences. Weather data 
was obtained from four weather stations: 

(1) a temporary Ministry of Environment weather station at the 
noise monitor, 

(2) the Ministry of Environment weather monitoring station at 
Evans Avenue and Arnold Street in Etobicoke, the only 
nearby station providing hourly weather data at different 
heights (10 m, 30 m and 90 m), 

(3) the refinery weather station, located near the main entrance 
of the Clarkson refinery, and 

(4) a temporary Gulf research monitor at the refinery weather 
station. 
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i» ANALYSIS 

1. PREVIOUS ANALYSIS 

Initial analyses not reported here were conducted to minimize 
the influence of unwanted factors and to check the consistency of 
obtained measurements. The main factor examined was wind-induced 
reading as predicted from an equation of wind speed against wind-induced 
level. The curve was determined from the equation of an "eye" fit of 
empirical measurements for the same wind screen . (see Fiq.ll) 
A comparison of the wind-induced curve with the relationship 
between noise level and wind speed permitted inferences to be 
made on: 

1) the validity and reliability of the Refinery Weather 
station, and 

2) the operation of the wind-inhibiting circuit of the 
noise monitor 

which led to the checks on these measurement instruments as noted 
previously in this report and a restriction of the analyzed sample 
to periods when reliable and valid measurements were obtained. 

2. DATA STRUCTURE 

Noise and weather data was obtained in various forms. The major 
portion of this data was already in a form compatible with computer 
input and manipulation, i.e. card or disk. Data from temporary weather 
monitors and the community survey was transferred to coding sheets 
designed in- house and keypunched in a compatible format. Data already 
on card or disk, i.e. noise level and Evans Avenue weather data, required 
restructuring. 

Conditions imposed on the data structure were determined by the 
required types of analyses, the matching of different types of data 
on the same computer record and the consistency of units of measurement. 
Restructuring was accomplished in the following manner: 

(d) Data was written on a unique record for each hour 
of the sampled period. 

(b) Hours and dates were changed to correspond to local time 

and to indicate the beginning of the sampled hour (i.e. from 
"1 - 24" to "0 - 23"). 

This procedure was accomplished by the design and application of 
computer programs written in Fortran IV and TSO Edit. The result was 
the creation of data sets for each data source compatible for merging 
into an SPSS computer file containing several items of data. 
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3. FILE STRUCTURE 

The general procedure of creating a structured file for analysis 
was to: 

1. restrict the size of data sets to be incorporated in the 
analysis to equivalent time periods (i.e. records) for 
which data to be analyzed is available, 

2. structure an SPSS file on one data set, 

3. create a new SPSS file for an additional data set, and 

4. merge (or add) the new SPSS file to the previous file to 
create a larger file containing both data sets, and 

5. update datasets by adding new data and repeating the above 
steps (1-4). 

Because of lengthy periods during which the noise and local 
weather nwnitors were not operating or judged not to be reliable and 
because of the operational difficulty of constructing large null data 
sets to fill these spaces, many different files were constructed 
designed to suit the purpose of each desired analysis. 

4. SAMPLING 

The main purpose of sampling from available data was to 
maximize the validity of obtained measurements. In the case of 
weather data, it is desirable that weather measures reflect weather 
conditions at the noise monitor (for wind speed) or in the area 
intervening between noise source and monitor. In the case of noise 
level data, it is desirable to assure that noise levels are measures 
of refinery noise and not of confounding factors such as wind, traffic 
or noises produced by people, like children playing or power mower 
operation. 

(a) Weather Sampling 

Concern about the presence of wind-induced readings has been 
allayed considerably following an analysis of wind speed data at the 
noise monitor. Confirmed wind speeds at the noise monitor were much 
lower than at the weather station and measured or expected wind- 
induced noise levels generally less than 40 dB, the noise floor of the 
microphone. This was true despite conversion of the equation predicting 
windspeed at the monitor from expected windspeed to the 90th percentile 
of expected wind speed (Fig. 12 ) This technique reduced the probability of 
underestimating wind speed from 50% to 10%. In the following analysis 
an additional sampling constraint that noise levels must exceed wind- 
induced levels calculated from observed or predicted wind speeds by 
more than 5 dB was included to assure that wind-induced levels could 
not add more than 1 dB to measured levels. In effect, however, this 
constraint eliminated very few, if any, samples from the analyses. 
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Evans weather parameters were also subject to different values 
or characteristics because of their measurement some distance from 
the survey area. The Evans station is located about 14 kilometres 
from the Clarkson site. Also the Evans station is seven times as far 
(2100 m) from the lakeshore as the noise monitor {300 m). Data 
from the Evans station derives its usefulness from its greater sophist- 
ication. The instrumentation is well maintained, hourly averages 
are based on samples taken every five minutes, wind data is obtained 
by vector addition and weather data is obtained at three different heights. 

Consequently, temperature gradient and wind gradient data were 
available only from the Evans weather station. The temperature gradient, 
which indicates the presence of an inversion when positive, is expected 
to vary between the two monitoring locations depending on the distance 
from the lakeshore. In other words, the inversion layer is expected to 
rise to a higher elevation with distance from the lakeshore (Kurtz and Yap, 
1979). The inversion is therefore expected to occur at a higher elevation 
at the Evans station than at the refinery. As a result of inversion data 
was sampled at a higher level for analysis than would be expected to 
influence noise propagation at the site, 

(b) Noise Sampling 

Two primary sampling criteria were used to assure measurement 
of refinery, as opposed to extraneous, sources of noise. These are: 

(i) Nighttime, midnight to 6 a.m., when community noises like 
traffic as well as wind speeds, which could result in wave 
noise from the lake, are low, and 

(ii) Audibility , as obtained from reports of noted loudness of 
refinery noise in the community. 

(c) Sampling Community Loudness Ratings 

A community survey was designed, including instructions and a 
coding sheet. Distribution and collection of data was coordinated 
by a volunteer in the community, who received additional briefing. 
The necessity for objectivity of survey responses was explained to her, 
particularly with reference to the fact that its lacking objectivity 
would serve against the interests of the community relative to the 
survey analysis. A sample questionnaire is included in Appendix D. 

Survey data was collected from January 1, 1979 to August 31, 1979, 
although response was sparse in January, February, July and August. 
In addition, the personal record of one of the residents, of refinery 
noise from January to June 1973, was transcribed on the same questionnaire 
data sheet. The data reported here covers only the period from April 24 
to May 31, 1979, primarily to satisfy other sampling and analysis 
considerations, which are based on the confidence in measured noise 
levels. 

The hours during which community residents rated refinery noise 
determined two of the three final forms of analysis for 1979. 
These were: 

(i) Audibility , and 
( i i ) Simulated Attended Monitoring 

related to the meteorological parameters. Simulated attended 

monitoring involved the selection of noise samples during an hour 
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in which a resident rated refinery noise. The audibility of refinery 
noise in the communitys which is more distant from the refinery and 
exposed to greater background noise levels than the noise monitoring 
location^ provided reasonable confidence that refinery noise levels 
are measurable at the fenceline. 

5. DEFINITIONS 

The three main weather parameters expected to affect noise 
propagation and related here to measured noise levels are: 

(a) Temperature gradient (TD31) - a measure of the existence 
and degree of an inversion . If the temperature gradient is 
positive, an inversion exists, the temperature at a higher 
elevation above ground level being greater than at a lower elevation 
Lapse conditions characterized by a negative temperature gradient 
are normal , atmospheric temperature decreasing with height. 
Inversion conditions generally occur at night (see Fig. 13) 

during moderate to warm months since the ground cools more 
rapidly at night than layers of air above it. As a result, 
lower layers of air are cooled before layers at a higher 
elevation, resulting in an inversion that rises as the evening 
progresses and reverts to a lapse about sunrise (Embleton, 1978). 

Sound has a property similar to that of light in being 
refracted or bent with changes in the speed of propagation. 
Since the speed of sound is higher at higher temperatures, sound 
rays entering atmospheric inversions tend to be bent toward 
the ground, enhancing noise level at a distant receiver. During 
lapses, on the other hand, sound rays are bent upward, away from 
the ground level where the community is located, theoretically 
resulting in lower noise levels. TD31 is an abbreviation for 
temperature difference between level 3 (90 m) and level 1 (10 m) 
of the Evans weather station. 

(b) Wind Vector (WV) - is the component of the wind velocity in the 
direction of the noise monitor (i.e. 15 compass degrees) 

from the estimated centroid of noise sources, as shown in Fig. ]0 
Operationally, the wind vector is trigometrically calculated by 
computer program from the best available wind speed and 
direction data for each sampled hour. A positive wind vector 
means that the wind is blowing toward the noise monitor, a 
negative vector means the wind is blowing away, and a zero vector 
means either that the wind is not blowing or blowing perpendicular 
to the axis of propagation. For the 1978 analysis, wind vector 
was calculated from the measured direction at the Gulf refinery 
weather station and the calculated wind speed at the noise monitor 
as obtained from corrected Evans data. For 1979, wind speed and 
direction as measured at the noise monitor were used. When this 
data was not available, corrected Evans wind speed and wind 
direction from a Gulf Research monitor at the refinery weather 
station were used. 

(c) Mind Gradient (WG31 ) - 1s the difference in wind vectors at 
different elevations above ground. Wind vectors are defined 
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as previously. The rationale for the effect of wind gradient 
on sound level is similar to that for temperature inversions. If 
the effective wind speed (i.e. vector) toward the noise monitor is 
higher at a higher elevation (positive wind gradient), sound rays 
will tend to curve back towards the ground, enhancing noise level. 
For negative wind gradients, sound rays should tend to curve 
upwards and be dispersed in the atmosphere, reducing noise levels. 
The reported wind gradients were calculated only from data measured 
at the Evans weather station. 



C. RESULTS - OBSERVED RELATIONSHIPS BETWEEN NOISE AND WEATHER 

Results were relatively consistent with each other but not 
necessarily in line with hypothesized relationships expected from theory. 
For 1978, only nighttime results are shown since the available community 
response based on only one person's ratings has not yet been analyzed. 
Figures 10 to 12 show plots of energy equivalent continuous noise level, 
L , as a function of temperature gradient, wind vector and wind gradient 
respectively. For the sampled period of April 24 to May 31, which is 
the same period over which 1979 data are analyzed, no relationship 
between temperature gradient and L noise level are observable (Fig. 14), 
although the relationships of wind vector and wind gradient with 
noise level are statistically significant (Figs. 15 and 16). Nevertheless, 
the correlation of noise with wind vector and gradient are in a 
direction opposite to that expected from theory. 

The same results were obtained from the analysis of 1979 
data (Figs. 20, 23 and 2S). with the exception of an observed 
positive relationship between noise level and temperature gradient (Fig. 20) 
This is the only relationship observed to be consistent with the theory 
of noise propagation. 

The inclusion of community ratings in the 1979 analysis permitted 
two additional and relatively independent confirmations to be made 
of the effect of weather conditions on noise level or judged loudness 
of refinery noise in the community. 

Each of the three analyses of: 

(a) audibility 

(b) simulated attended monitoring, and 

(c) nighttime only 

were consistent with each other, producing surprisingly similar 
graphical relationships with the respective weather parameters of 
temperature gradient (Figures 13 to 20), wind vector (Figs. 21 to 23), 
and wind gradient (Figs. 24 to 26). 

The use of human reports in this context as an objective measure 
equivalent to or better than noise levels is unconventional. Some words 
of clarification therefore appear to be appropriate. The measurement 
of refinery noise in the community using relatively sophisticated 
instrumentation has not been successful to date because the noise monitor 
cannot discriminate between refinery and community noise such as traffic and 
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birds chirping near the microphone. A human observer, on the other 
hand, can discriminate not only the type and quality of sound, but 
also the direction from which the sound is coming. In addition a human 
observer can appropriately correct for indoor and outdoor listening 
locations. It is of interest to examine the relationship of noise levels 
at the refinery fenceline to estimated loudness in the community (Fig. 17) 
From this analysis, inferences can be made about the interpretation of 
both the noise level and the loudness scale. 

Using a least squares criterion, the best fit of the relationship 
of noise level to the loudness scale is: 

Noise Level (L^^) = 1.91 (Loudness Rating, - 4.5) + 48. 
eq 

The equation means that the noise level changes on average one 
decibel for each half scale point change in loudness. The highly 
significant (pC 0.00001) relationship between noise level and loudness 
suggests strongly that noise levels at the refinery fenceline and 
loudness ratings in the community are both measures of refinery noise. 

When comparing the standard error (in dB) of the relationship of 
loudness rating relative to that of noise level against the same 
weather parameter, as noted at the bottom of each Figure, loudness 
ratings are shown to provide better resolution of relationships with 
weather factor than noise level. Statistically, the equivalent error 
from loudness ratings (2.0 - 2.4 dB) is about half that obtained from 
noise level analyses (4-6 dB). This finding suggests that the survey 
results are less subject to measurement errors than are noise levels. 
On the other hand, each of the three analysis techniques shows \/ery 
similar patterns of plotted points. The similarity in results suggest 
again that audibility, simulated attended monitoring and nighttime 
measures do in fact measure the same thing, most likely the intended 
refinery noise. 



D. DISCUSSION 

The results of the analyses show quite clearly, both for 1978 
and for 1979, that noise levels tended to be lower for higher wind 
vectors or gradients, contrary to expectations from theory. The most 
definite conclusion that can be stated is that a factor or combination 
of factors other than wind vector or gradient has a much stronger effect 
on noise levels. The extraneous influence must be very strong since it 
completely reversed the expected results. Efforts to isolate the reason 
for negative relationships have not been successful. 

Such a difficulty in finding the cause of an observed relationship 
is a basic characteristic of field survey data and the reason for 
performing scientific studies in laboratories where experimental 
control is possible. On the other hand, field survey results as obtained 
here have the advantage of showing the sum total of all effects present 
in a naturally occurring environment. Particularly in reference to 
applications, the empirical results of field studies can be favourably 
interpreted as reflecting the strongest influence whatever its 
explanation. In other words, the results can be regarded as observed 
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facts. Unfortunately, however, generalization of these field results to 
other situations must be made with great caution. For example, the 
repeatability of the negative correlation of noise with wind vector and 
wind gradient for both 1978 and 1979 results suggests that conditions 
which are likely to change from year to year are not responsible for the 
relationship observed. The results of noise as a function of temperature 
gradient, on the other hand, were different for the two years, no 
relationship for 1978 versus a positive relationship for 1979. Here we 
would suspect a condition which changed from one year to the next to be 
responsible for the different results. 

Greater confidence, however, is placed in the increase of noise level 
with temperature gradient observed in 1979 relative to the absence of a 
relationship in 1978, not only because it is confirmed by different 
analyses but also because it is consistent with theory and previous studies. 
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Report No. 3074 Bolt Beranek and Nowman I nc 



TABLE 5 



STEADY STATE iNOISE LEVELS OF THE EXISTING 
CLARKSON REFINERY 



UNITS LEVEL AT LEVEL AT 

REFINERY BOUNDARY +800 FT, (TYPICALLY 

(WATERSEDGE PARK) LACROSSE BOX & CLUB CORNER) 



[dB(A)] [dB(A)] 



*h0 55 52 

*L50 52 if 

*L 62 at 
eq 

*L^^ 58 (60) 55 (57) 

*%^ (NORMALIZED) 63 (65) 60 (62) 



NOTE : 

» BBN CALCULATIOrJS FROM GULF FENCE LINE SURVEY 
** GULF CALCULATIONS FROM GULF FENCE LINE SURVP^Y 
( ) THESE VALUES INCLUDE AN ESTIMATE FOR THE TRANSIENT NOISES 



APPENDIX A - Table 5 - Whole Year Average Levels 
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TABLE 6 

corrections to be added to the 
measurTd day-night sound level (l ^^) of 

intruding noise to obtain normalized l^ ^ 

Amount 

of Correction 

to be Added 

Type of to Measured 

Correction Description L. (in dB) 
an _^__ 

Seasonal .Summer (or year-round operation) 

Correction Winter only (or windows always closed) -5 

Correction Quiet suburban or rural community +10 

for Outdoor (remote Trom large cities and from 

Noise Level industrial activity and trucklnp;) 

Measured in 

Absence of Normal suburban community (not located +5 

Tntrudinf^ near industrial activity) 

Molse 

Urban residential community (not imme- 

dlately adjacent to heavily traveled 

roads and Industrial areas) 

Noisy urban residential community (near -5 

relatively busy roads or industrial 

areas) 

Very noisy urban residential community -10 

Correction No prior experience with the intrudinr. +5 

for Previous noise 

Exposure & 

Community Community has had some previous exposure 

Attitudes to Intruding noise but little effort is 

being made to control the nolsn. This 

correction may also be applied In a 

situation where the community has not 

been exposed to the noise previously, 

but the people are aware that bona fide 

efforts are being made to control the 

noise. 

Community har had trons Idf^rahle rirevlou:, -5 
exposure to the Intrudinn nolr.p and th^^ 
noise maker's relatione with t hn commu- 
nity are j^ood. 

Community nwnre that operation raur. Inr -10 
nolsp is Vf'ry nocesr.riry and it will noi 
continue Indefinitely. This cnrrcction 

CBn be applied Tor 'iri O'perntlon o^f 
limited durntion nnd undfT emertrenrv 
c I re urns t a nr on. 

Pure Tone IIo pure tone or Inpulstve character 

or Impulse Pure tone or Impulsive character present +5 
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TABLE 8 

COMPUTER PREDICTED LEVELS 
FOR CLARKSQN REFINERY 
AT WATERSEDGE PARK 



L L 

eg dn 



WINTER DAY 5^^.? 

WINTER NIGHT 56.8 

SPRING DAY 52. 1 

SPRING NIGHT 55.0 

SUMMER DAY 55-7 

SUMMER NIGHT 56.0 

FALL DAY 52. 2 

PALL NIGHT 55- 6 



^Calculated directly froni L, level 

•^ dn 

**Calculated from annual L , level. 

eq 



63.0 
61 . 1 
62.^ 
61.7 



ANNUAL 55 62.1* 

61.5** 
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TA BLE 11 

PR EDICTED NOISE LEVELS OF EXPANDED REFINERY 
(STEADY STATE LEVELS) * 



At At 800 Ft 
Watersedge Park Into Community 

[dB(A)] [dB(A)] 

4o 57 54 

^eq 54 51 

Ldn 60 57 

Normalized L^^^ 65 62 



*These levels are obtained by addinp, 2 dB(A) to the levels in 
Table 5. [1 dB(A) for the Condensate and new units and 1 dB(A) 
for possible future expansion.] 



APPENDIX A - Table 11 - Whole Year Average Levels. 

Normalized L^^ ^ L^^ calc.+ 5 dB 
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APPENDIX B NOISE MONITORING SYSTEM 

The monitoring system used in the study consists of an outdoor 
microphone system type B & K 4291 fitted with a B & K windscreen 
type UA038. The analogue signal at the output is fed through shielded 
cable for a distance of approximately one half - mile to a data centre 
which conists of a Metrosonlcs type dB 602 sound level analyser, tape 
recorder and a digital printer. Because of the high noise level floor 
in the B & K microphone system when using Internal A-weighting, the 
signal is transferred in the linear mode and A-weighted at the input 
of the dB 602. 

The dynamic range of the dB 602 is 100 dB, without switching, 
employing a patented detector circuit. The range of the instrument 
Is 30 dB to 130 dB limited by the noise floor of the microphone to 40 dB 
at the low end. The crest factor over the full range is 15 dB. The 
accuracy of the system over the full range is +0.5 dB and resolution 
is 1 dB. A sampling rate of 1 sample per second is used. Each 
sample is digitised and stored in registers which are 1 dB apart. 
LpQ is calculated on a cumulative basis for every sample 1n the 
working memory as well as LI to L99 and PL from to 100%. The 
LpQ, L-jQ LgQ and Lqq are calculated and stored each hour and then 
printed on a continuous basis. The pre-set detector level is adjusted 
so that when the signal exceeded a pre-set level, the tape recorder is 
switched on and the analogue signal is transferred to tape along with 
date and time. In this way^ the signal may be played back at some later 
time for analysis and identification. 

An optional accessory, a WS-602 wind sensor is used with the 
dB 602 analyser. The wind sensor unit consists of a high quality rotating 
cup anemometer and a special detector/ control circuit. A voltage 
proportional to wind velocity 1s generated by the anemometer. The 
detector/control circuit in the analyser compares this voltage to at 
stable reference and inhibits data from entering the memory when the 
level is exceeded. The reference level used during the monitoring was 
pre-set to 10 km/h. 
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APPENDIX C RESULTS OF NOISE MONITORING 



Figures 2 to 9 inclusive used in assessment of 
Certificate of Approval 



Figures 10 to 26 inclusive not used in assessment of 
Certificate of Approval 
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* - NO NOISE LEVEL AVfilLABLE FOR THIS TIME PERIOD Figure 7 
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Figure 11 
Wind-induced noise level 



in kilometres per hour for the wind screen used at the noise 

" fit of the plotted empirical 



,-,,, -- - function of wind speed 

is] 

monitor. The fitted curve shown is an "eye 
points and is described by the equation: 

L = 63 log S - 36 
The four plotted points represent empincal measures using a B&K one-inch 
microphone with windscreen UA 0381. 
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Fin u re 12 

The plotted relationship of wind speed at the noise monitor 
(yifl) as a function of wind speed at level 2 of the Evans weather station 
(WS2)s both in kilometres per hour. The plotted line is the least squares 
estimate of the 90th percentile of predicted wind speed at the noise monitor, 
used to predict wind speed at the noise rrionitor for periods when this data 
was not available. 
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Figure 13 

Diurnal variation of temperature gradient. Inversions are 
shown to predominate between the hours of 8 p.m. (hour 20) to 7 a.m. (hour 6). 
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Figyre 14 

Temperature gradient at the Evans Ave weather station (14 km away) 
is plotted against energy-equivalent continuous noise level (Lgp in 
A-weighted decibels). No relationship is observed for this 19/8 nighttime 
sample. 
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Figure 15 

As the wind vector from noise source to noise monitor increases, 
a trend to lower noise levels (Lcq) is shown. 
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Figure li 

Noise levels (Lrn's) appear as a decreasing fynctlon of wind 
gradient at the Evans Ave. weather station. 
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Figure 17 

The plots of noise levels against loudness ratings shows 
a strong relationship. The least-squares line suggests that one loudness 
unit corresponds, on average, to a change of less than 2 dBA as measured 
at the refinery fenceline. 
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Figure 18 
Refinery noise tends to be rated as louder during inversions 
On the other hand, reports of audible refinery noise occurred most 
frequently under neutral conditions. 
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Figure 19 
These results of simulated attended monitoring confirm 
Increased noise levels at the refinery during Inversion conditions 
suggested by Figyre 14. 
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Figure 20 

This sample of nighttime noise levels also shows an increase 
in noise level with temperatyre gradient, confirming the results of the 
previous two Figures, 
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Figure 21 

Community Toudness ratings of refinery noise show a decrease 
with increased wind vector toward the noise monitor, also the general 
direction toward the community. 
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Figure 22 
Under simulated attended monitoring, noise levels also 
demonstrate a decreasing trend with wind vector, similar to that of the 
previous Figure 
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Figure 23 
At night, a pattern of decreasing noise level with wind 
vector IS again evident, as in the previous two Figures. 
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Figure 24 

Rated loudness of refinery noise in the community decrease 
rapidly and strongly with increases in wind gradient from negative (-) to 
positive (+) values. 
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Figure 25 

For simulated attended monitoring, noise levels again decrease 
with wind gradient, as in the previous Figure 20. 
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Figure 26 

At night, noise levels again tend to follow a decreasing 
pattern as a function of wind gradient, similar to the samples of the 
previous two Figures, 
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REFINERY NOISE SURVEY 
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2. indoors (windows open) 

3. indoors (windows closed) 
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REFINERY NOISE 



CODING SHEET 



A, Description of Coding 

1. The large blank spaces are for your comments, observations and 
specifications . 

2. The columns with numbers on top should be left blank unless you 
are certain you know the correct code from the key below. 

3. Please use one line for every hour during which a noise occurred 
and for every different noise you heard- (Arrows can be drawn 
down a column if your comments are repeated on subsequent lines!) 



B. Codes 

1. Month (Columns 1-2; 



01 


January 


02 


February 


03 


March 


04 


April 


05 


May 


06 


June 


07 


July 


08 


August 


09 


September 


10 


October 


11 


November 


12 


Deceni)er 



2. Day (Columns 3-4) 

to 31 

for day of month 

3. Hour (Columns 5-6) 
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00 

01 
02 

12 
13 
14 
15 
1^ 
17 
IB 
19 
20 
21 
22 



etc , 



Midnight to l-.OOam 
1:00 - 2:D0am 
2:00 - 3:00am 

Noon - 1 : 00pm 
1:00 - 2:00pm 
2:00 - 3:00pm 
3:00 - 4:00pm 
4:00 - 5:00pm 
5:00 - 6:00pm 
6:00 - 7:00pm 
7:00 - 8:00pm 
8:00 - 9:00pm 
9:00 -10:00pm 
10:00 -11:00pm 



m 



11:00 -Midnight 
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4 . Noise source and Quality (Columns 7 - 8 ) 

(Please write in description using the following alternatives as a guide) 

ii - roar, low pitched 

©I - hum, buzz 

§i - hiss, steam, high-pitched 
6i: - horn, siren 

fti - train shunting 

Of - train tracks on wheels squealing 

5, How Loud? (Column 9) 



1 


- 


barely audible 


2 


- 


clearly audible 


3 


- 


loud 


4 


- 


very loud 



FKteh 
Jan . 3/79 
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en 



Month 


Pky 
of 


Military 

Time 

(Hour) 


Clock 

Time 

am/pm 


Noise Source and Quality 


How Loud? 




1 


2 


1 

3 4 


5 


6 




1: 


7 


8 


: ^ 








1 














i 




1 
i 




1 

I 










: 




i 
























t 
























' 












1 
















; 


1 




















' 


















' 




























I 






' 


• 




























',1 


) 












^ 


i 


I' 
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. 
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